This study investigated advantages and potential risks associated with drinking alcohol in Koreans based on the alcohol flush reaction. Our investigation reviewed published studies and examined moderate-drinking levels for Koreans based on modified National Institute on Alcohol Abuse and Alcoholism guidelines. Fourteen articles out of a total 198 publications were searched using PubMed, EMBASE, KoreaMed, and RISS (Research Information Sharing Service) databases and selected for review. Individuals without alcohol flush reaction (non-flushers) exhibited lower risks associated with insulin resistance, metabolic syndrome, and hyperhomocysteinemia and their 10-year cardiovascular disease risk when alcohol consumption was ≤8 drinks/wk. Conversely, risks associated with insulin resistance, metabolic syndrome, high blood pressure, prediabetes or type-2 diabetes, and high intraocular pressure and increases in carbohydrate-deficient transferrin, gamma glutamyl transferase, and blood glucose levels were present when >8 drinks were consumed. For individuals with flushing reaction (flushers), advantages were reported in relation to risks of hyperhomocysteinemia when alcohol consumption was ≤4 drinks/wk, whereas consumption of >4 drinks/wk increased the risk of insulin resistance, metabolic syndrome, high blood pressure, pre-diabetes or type-2 diabetes, high-risk colorectal adenoma, and high intraocular pressure and increased carbohydrate-deficient transferrin, gamma glutamyl transferase, and blood glucose levels. The moderate drinking level for Koreans is ≤8 drinks/wk for men aged ≤65 years and ≤4 drinks/wk for men aged over 65. For women, these limits should be half of those for men. Furthermore, individuals with flushing reaction should maintain an alcohol consumption level half of that for non-flushers.
INTRODUCTION
Korea has a high rate of alcohol consumption. According to the 'global status report on alcohol and health 2014' published by the World Health Organization, 1) annual alcohol consumption per capita in Korea is 12.3 L, which is the 15th highest rate globally. Additionally, when considering drinkers only, the annual alcohol consumption per person is even higher, at 27.5 L.
According to the Survey of Mental Disorders in Korea in 2016, 2) the lifetime prevalence of alcohol use disorder (AUD) in people aged 18-64 years was 12.2% in 2016 (18.1% for men and 6.4% for women).
While this trend has decreased over time, with rates of 15.9% in 2001, 16 .2% in 2006, and 14.0% in 2011, the prevalence of AUD remains high.
AUD is a condition in which a person continues to consume alcohol despite encountering difficulties in daily life due to their alcohol use.
AUD not only has adverse effects on health, but also results in significant social and economic burdens for the individual.
Even in the absence of AUD, drinkers who engage in heavy (weekly average consumption levels exceeding the standard guidelines for moderate drinking) or binge (maximum consumption levels per drinking session exceeding the standards for moderate drinking)
drinking have an increased risk for a number of different diseases, which can result in significant socioeconomic problems.
Korean society has a tolerant attitude towards alcohol consumption.
This permissive approach has led to alcohol-related problems among some, and, in many cases, these individuals are unaware of their drinking problem. Individuals with alcohol-related problems require treatment, and those who engage in at-risk drinking should make attempts to maintain a moderate drinking level. However, in Korean society many people are unaware of moderate drinking standards and at-risk drinking behavior.
In 2005, the National Institute on Alcohol Abuse and Alcoholism (NIAAA) 3) in the United States recommended that doctors confirm whether patients who drink alcohol exhibit at-risk drinking behaviors, defined as heavy or binge drinking. If at-risk drinking was detected, patients were to be further evaluated as to whether they exhibited atrisk drinking or AUD.
The NIAAA has suggested asking three questions related to drinking habits: (1) the average number of drinking sessions per week, (2) the average amount of alcohol consumed at each drinking session, and (3) the maximum amount of alcohol consumed per session. By gathering this information, doctors are able to estimate a person's average weekly alcohol consumption and the maximum level of drinking per session.
To evaluate the amount of alcohol consumed, a standard drink unit is used. The NIAAA defines 14 g of alcohol as one standard drink unit, which equates to 1. 4) For other drink types, the standard drinking unit can be calculated using the following formula: drink volume (mL)×alcoholic strength by volume (%)×specific gravity of alcohol (0.79)=amount of alcohol contained in one drink (g).
5)
The NIAAA currently defines the maximum drinking limit for moderate drinking (taking 14 g of alcohol as one standard drink unit) as follows: (1) a maximum of 14 drinks/wk for healthy men aged ≤65 years (but no more than 7 units for healthy women and men aged over 65) and (2) a maximum of 4 drinks/d for healthy men aged ≥65 years (but no more than 3 drinks for healthy women and men aged over 65).
In case of women, distinctions are not made on the basis of the age of 65 years.
Koreans are, on average, smaller in physical size than their counterparts in the Western countries, and the inactive form of aldehyde dehydrogenase (ALDH) 2 enzyme is more common in them. 6, 7) Alcohol is converted into acetaldehyde in the liver by alcohol dehydrogenase (ADH) and broken down into acetate by ALDH in the cytoplasm.
Many Asians, including Koreans, have the inactive form of ALDH, which inhibits the breakdown of acetaldehyde. 6, 7) Therefore, when people with the inactive form of ALDH consume alcohol, acetaldehyde (a toxic substance) accumulates in the body, leading to a characteristic flush. 8, 9) Therefore, people who exhibit flushing after alcohol consumption are considered to have lower alcohol metabolic capabilities. 10, 11) Up to 50% of Asians, including Koreans, have the ALDH 2 gene mutation that causes the facial flushing response. Therefore, it may be inappropriate to apply the current NIAAA recommended alcohol levels to Koreans.
The present study investigated the advantages and risks associated with drinking alcohol in Koreans based on the facial flushing response through a review of previously published studies. We further suggest appropriate moderate-drinking levels for Koreans based on a modification of the NIAAA guidelines.
METHODS

Data Sources and Search Strategy
A web-based, electronic database was used for the literature search. 
Inclusion Criteria
We selected papers that met all four of the following criteria: (1) participants were categorized into non-drinkers, flushers, and non-flushers in relation to their alcohol consumption; (2) research participants were Korean; (3) the standard drink unit of 14 g was used; and (4) an alcohol intake threshold relating to risks or advantages to health indices was provided.
Study Selection and Data Extraction
A total of 232 publications were searched, including 121 from PubMed, 
RESULTS
Advantages of Alcohol Consumption in Korean Adults
1) Non-flushers
In a study by Jung et al., 12) the risk of insulin resistance was significantly lower among 624 male non-flushers than non-drinkers when the average weekly alcohol quantity was ≤4 drinks in non-flushers, after ad- drinkers, 662 flushers, and 872 non-flushers), the 10-year cardiovascular disease risk was found to be significantly decreased (OR, 0.51; 95% CI, 0.37 to 0.71) among non-flushers with a weekly alcohol consumption of ≤4 drinks, after adjusting for BMI, diastolic blood pressure, lowdensity lipoprotein cholesterol levels, triglyceride levels, and exercise.
In a study by Kim et al., 15) flushers, and 712 non-flushers).
2) Flushers
In a study by Kim et al., 15) the risk of hyperhomocysteinemia was significantly lower (OR, 0.30; 95% CI, 0.13 to 0.68) among flushers than non-drinkers when the flushers consumed <4 drinks/wk.
In a study by Kim et al., 16) flushers who consumed ≥8 drinks/wk showed a significantly reduced risk of low serum HDL-C levels com- 
Risks Associated with Alcohol Intake in Korean Adults
1) Non-flushers
In the study by Jung et al., 12) non-flushers who consumed >20 drinks per week showed a significantly higher risk of insulin resistance than non-drinkers (OR, 3.48; 95% CI, 1.44 to 8.42).
Another study by Jung et al. 13) found that the risk of metabolic syndrome was significantly higher among non-flushers with a weekly al- In a study by Kim et al., 19) increases in CDT% and GGT were induced in flushers with a weekly alcohol consumption of >4 drinks (sensitivity of 77.8% and 68.0% and specificity of 70.4% and 76.8%, respectively).
In another study by Yang et al., 20) the risk of increased GGT was significantly higher in flushers across all drinking levels (<4 drinks: OR, 
CONCLUSION
In this review, we examined the relationship between alcohol consumption and diseases or health-related indices based on the flushing
response. An analysis of Korean publications focused on establishing an alcohol-drinking threshold was conducted to suggest guidelines for moderate-drinking levels in Koreans.
Given that 14 g of alcohol is defined as one standard drink unit, the NIAAA recommends the consumption of ≤14 drinks/wk for men (≤7 drinks for women and elderly men over the age of 65 years) as the standard for moderate drinking and for the prevention of heavy drinking.
3) As a preventative rationale, the risk of AUD is low, approximately 2 per 100 persons, when men consume ≤14 (≤7 for women) drinks/ wk. 26) The NIAAA guidelines do not, however, reflect alcohol-related clinical and biological comorbidities in the Korean population. Therefore, this study aimed to modify these guidelines by considering the findings of previous studies within a Korean setting.
In addition, the mutated ALDH2 gene that is commonly found in East Asians increases the level of inactive ALDH2. This leads to the inhibition of the breakdown of acetaldehyde, resulting in its accumulation in the body, which cause reactions such as facial flushing. 27) For people with inactive ALDH2, alcohol drinking is accompanied by the flushing response. Therefore, a moderate-drinking level should be determined that is half that for non-flushers.
Furthermore, ADH activity in the gastric mucous membrane of women is half of that of men; as a result, the rate of alcohol metabolism is decreased and a greater amount of alcohol is absorbed, even when their alcohol consumption equals that of men. 28) Moreover, the lipid solubility (oil/water partition coefficient) of alcohol is 0.14, which is seven times higher than moisture. Thus, the absorbed alcohol is primarily distributed throughout the water in the body. As this water level is relatively lower among women, underweight people, and elderly individuals, higher blood alcohol levels are observed among these populations even after taking into account the same amount of alcohol consumption. 29) Therefore, the drinking threshold for women should be set to half that for men, as it is currently defined by the NIAAA.
However, in contrast to men, no specific drinking threshold has been suggested for women based on age. Considering that the threshold for women is half of that for men, the threshold for elderly women should be set to half that for elderly men. Further studies focusing on drinking among elderly women will be required to support this suggestion.
In our study, significant benefits were observed in regards to the risk of insulin resistance, metabolic syndrome, and hyperhomocysteinemia and a 10-year cardiovascular disease risk when the weekly average alcohol consumption was ≤8 drinks in non-flushers. Furthermore, there were increased risks for insulin resistance, metabolic syndrome, increases in CDT and GGT levels, high blood pressure, high blood glucose levels, prediabetes or T2DM, and high intraocular pressure when ≥8 drinks were consumed. Therefore, a moderate drinking threshold
for Korean non-flushers should be adjusted to ≤8 drinks/wk.
For flushers, significant benefits were reported in association with the risk of hyperhomocysteinemia when the average weekly alcohol consumption was ≤4 drinks. Consuming >4 drinks/wk increased the risk of insulin resistance, metabolic syndrome, increases in CDT and GGT levels, high blood pressure, high blood glucose levels, prediabetes or T2DM, high-risk colorectal adenoma, and high intraocular pressure. Therefore, a moderate drinking threshold for Korean flushers should be adjusted to ≤4 drinks/wk.
The NIAAA in the United States defines binge drinking as the consumption of 4 drinks for men and 3 drinks for women in one drinking session. This is based on the definition for the legal limit of intoxication (0.08 g/dL in 2 hours), which is reached when men consume 5 drinks and women consume 4 drinks within the specified time frame. This is the first study to focus on the establishment of a moderatedrinking level for individuals with the flushing response in a Korean setting. Our results suggest it may be appropriate to revise the NIAAA recommendations for moderate drinking, as shown in NIAAA, National Institute on Alcohol Abuse and Alcoholism; NA, not applicable. *1 drink=14 g alcohol: 1 can of beer, 1 small bottle of beer, 350 mL of draft beer, rice beer 300 mL (1 bowl of rice beer), wine 150 mL (1 glass of wine), 20% Soju 90 mL (1/4 bottle), and 40% liquor 45 mL (1 shot glass).
